CASE SUMMARY {#sec1-1}
============

A 13-year-old girl with no significant previous history was admitted with respiratory failure, managed with endotracheal intubation and mechanical ventilation for 12 days. Subsequently, she was weaned off in view of clinico-radiological improvement and was discharged from the hospital. Post discharge, within a few days she started having exertional breathlessness, which increased progressively and was associated with noisy breathing. Hence, she was referred to our department for opinion and further management. Clinically her vital signs were stable.

Radiograph of the chest showed normal findings. Spirometry showed a "Box Pattern" on flow volume loop (FVL) \[[Figure 1](#F1){ref-type="fig"}\] with Empey′s index of 14.6 and the ratio of maximal expiratory flow at 50% of vital capacity and maximal inspiratory flow at 50% of the vital capacity FEF~50~/FIF~50~ was 1.19, suggesting fixed upper airway obstruction (UAO).

![Spirometry with flow volume loop showing "box pattern" suggestive of upper airway obstruction](LI-30-166-g001){#F1}

Computed Tomography (CT) of the neck with 3-D reconstruction \[[Figure 2 a-b](#F2){ref-type="fig"}\] showed tracheal narrowing for the length of 9 mm at the level of thyroid isthmus, approximately 3.5 cm below the level of the glottis. Antero-posterior diameter at the level of narrowing was 6.5 mm, and the tracheal wall was irregular at this segment.

![(a-b) Computed tomography of the chest and neck](LI-30-166-g002){#F2}

Based on the above-mentioned findings, the diagnosis of post-intubation tracheal stenosis (PITS) was made. The patient was managed conservatively on an outpatient basis and was referred to the cardiothoracic unit for laser therapy. However, in the intervening period, due to the persistence of symptoms she was hospitalized at another center, where she underwent tracheostomy. Post procedure, she developed severe subcutaneous emphysema and pneumomediastinum. Prophylactic intercostal tube insertion was performed to relieve subcutaneous emphysema. However, the condition of the patient deteriorated further and resulted in death due to complications of pneumomediastinum.

Discussion {#sec1-2}
==========

PITS occur in 10--22% of endotracheal intubation cases and its etiology has not been fully elucidated. Various authors consider mechanical damage to tracheal mucosa, and especially compression and ischemia-associated necrosis of the stenotic segment, to be the main cause of stenosis.\[[@ref1]\] Local infections, low blood pressure in the period of intubation, sensitivity of the patient to the employed intubation materials, and chemical agents used to sterilize the intubation tube, as well as an individual idiosyncratic reaction are also suggested.\[[@ref1]\] Depending on the site of stenosis, the presentation can vary from dyspnea, inspiratory stridor, dyphonia, and apnea. Patients may present with cough, progressive dyspnea on exertion, with 50--60% reduction in tracheal lumen. Hence, only 1--2% of patients are symptomatic. As the degree of obstruction increases, dyspnea at rest and stridor may be detected. However, these symptoms following endotracheal intubation or tracheostomy should guide as an indicator to the diagnosis of PITS.

The most common risk factors predisposing to the development of PITS are high tracheostomy site, prolonged intubation period, traumatic intubation, and history of previous intubation or previous tracheostomy. Spirometry with FVL remains the most effective way of detecting UAO even before the manifestation of symptoms.\[[@ref2]\] Anatomical distribution of the upper airway as extrathoracic and intrathoracic portions helps in spirometric diagnosis. Although the upper airways are relatively rigid conducting passages, changes in airway diameter occur during the normal respiratory cycle. During inspiration, the intrathoracic airways expand; in contrast, the extrathoracic airways diminish in caliber during inspiration due to the decrease in intraluminal pressure compared with atmospheric pressure. The reverse process occurs during expiration \[Figures [3a](#F3a){ref-type="fig"}--[c](#F3c){ref-type="fig"}\].

![Schematic diagram explaining the mechanism of variable extrathoracic upper airway obstruction](LI-30-166-g003){#F3a}

![Schematic diagram explaining the mechanism of variable intrathoracic upper airway obstruction](LI-30-166-g004){#F3b}

![Schematic diagram explaining the mechanism of fixed upper airway obstruction](LI-30-166-g005){#F3c}

Miller and Hyatt defined three classic patterns of FVL contours \[[Figure 4](#F4){ref-type="fig"}\]in patients with UAO, depending on the location of the obstruction and depending on whether the obstruction is fixed, variable intrathoracic (VI-UAO) or variable extrathoracic (VE-UAO).\[[@ref3]\] In addition, two ratios are calculated: 1) Empey′s index,\[[@ref4]\] which is the ratio of forced expiratory volume in 1s (FEV~1~) and peak expiratory flow (PEF); and 2) Mid-vital capacity ratio, (FEF~50~/FIF~50~). Empey′s index greater than 8 suggests the presence of UAO. Furthermore, FEF~50~/FIF~50~ greater than 1 indicates VE-UAO, and if it is less than 0.3, it indicates VI-UAO.\[[@ref5]\] Fixed UAO is characterized by lack of changes in caliber during inhalation or exhalation and it produces a constant degree of airflow limitation during the entire respiratory cycle. A fixed lesion therefore, whether extrathoracic or intrathoracic, results in the flattening of both the inspiratory and expiratory portions of FLV with "Box Pattern". Depending on any single ratio or measurement can be misleading.\[[@ref6]\] Hence, appearances of the loop as well as upper airway indices should both be taken into consideration for the diagnosis of UAO. Spirometry with FVL in patients with tracheal stomas is also possible with the use of adapters, which fit tightly onto the tracheostomy tubes.

![Three classic patterns of flow volume loop contours in patients with upper airway obstruction](LI-30-166-g006){#F4}

PITS can be prevented to a great extent using large-volume, low-pressure cuffs and careful management of stomal tubes.\[[@ref7]\] This includes aseptic precautions, maintaining low pressures in the endotracheal tube balloon, and reducing the pressure for 5 minutes every hour. Eletrocautery, cryotherapy,\[[@ref8]\] and argon plasma coagulation rigid bronchoscopy with Nd: YAG laser, mechanical dilatation by rigid bronchoscopy,\[[@ref9]\] and stent placements\[[@ref10]\] are different interventional modalities used for the treatment of tracheal stenosis. Complete resection of the stenosed airway and anastomosis of the normal airway are the most appropriate methods of treatment.\[[@ref11]\] In a minority of patients, who have short-segment stenosis and intact cartilage rings, non-surgical procedures such as dilatation, laser therapy, or granulation tissue extraction via bronchoscopy, and local and systemic steroids can be effective. Topical application of Mitomycin-C, an anti-proliferative agent, can be used to treat tracheal stenosis as it can inhibit cell division, as has been described in some studies.\[[@ref12]\]

Unnecessary tracheostomies should be avoided in such cases because iatrogenic complications such as subcutaneous emphysema further increase mortality. Pneumomediastinum subsequent to subcutaneous emphysema causes stretching of the mediastinal pleura, leading to rupture and pneumothorax. Prophylactic intercostal tube insertion should not be done as it further increases complications related to the procedure.\[[@ref13]\] PITS, when diagnosed and treated appropriately, has gratifying results with complete resolution of symptoms. Prompt recognition of the problem is essential to avoid delay in the institution of measures that relieve the obstruction. The appropriate use of investigative strategies such as spirometry with FVL, which can identify UAO, is crucial to reduce mortality related to PITS.
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